A new monoglyceride, 1',26'-bis-[(S)-2,3-dihydroxypropyl] hexacosanedioate (1a) and the new peltogynoid, entadanin (3), along with eight known compounds, were isolated from the stem bark of Entada abyssinica (Fabaceae). The structures of the new compounds were determined by detailed analyses of 1D and 2D NMR spectra, in combination with high-resolution mass spectrometry data, and by comparison with related data from the literature. The stereochemistry of 1a was derived by comparison of the optical rotation with reference data. Peltogynoids have been reported previously from other Fabaceae, however this is the first report of a peltogynoid from the genus Entada.
Previous phytochemical studies of this plant have resulted in the isolation of clerodane-type diterpenes [5] [6] [7] , flavonoids [8] and phytosterol glycosides [8] . In our continuing quest for new biologically active secondary metabolites from Cameroonian medicinal plants, we searched for further chemical constituents from the stem bark of E. abyssinica. Ten compounds were isolated, including one new glyceride, 1',26'-bis[(S)-2,3-dihydroxypropyl] hexacosanedioate (1a), a new peltogynoid, named entadanin (3), and eight known compounds. We describe herein the isolation and structural characterization of the new compounds.
Compound 1a was obtained as white powder from the n-hexane-EtOAc (8:2) fraction. Its molecular formula, C 32 H 62 O 8 13 C NMR spectra of 1a were typical of a monoacyl glycerol. Assignments of all proton and carbon signals in 1a were made by 1 H, 1 H COSY, HSQC and HMBC spectra. The 1 H NMR spectrum of 1a (see Table 1 ) was dominated by a broad intense peak at δ H 1. 23 Table 1 ) displayed 16 carbon signals: 12 in the aliphatic region between δ 25.3-29.9, attributed to sp 3 methylenes, two downfield signals at δ 64.3 and δ 66.7, corresponding to oxymethylenes, one sp 3 methine at δ 70.9, and one quaternary sp 2 carbon signal at δ 173.8. The absence of any sp 2 methine signals in the olefinic region excluded double bonds. The 1 H and 13 C NMR spectra did not reveal any methyl signals (as expected for a longchain monoacid derivative), suggesting that compound 1a is -with NPC Natural Product Communications 2014 Vol. 9 No. 10 1499 -1502 respect to the planar structure -a symmetrical 1,-dicarboxylic acid glycerol di-ester [9. The linkage of the acyl residues to C-1 of the glycerol moiety was deduced from 2 J and 3 J correlations observed in the HMBC spectrum (Table 1 ). In fact, the diastereotopic methylene protons at positions 1,1" (δ 4.66/4.69) showed cross correlations with the ester carbonyls C-1'/C-26' at δ 173.8, and allowed us to link the glycerol moieties via C-1,1" to the carbonyl groups of the aliphatic chain. The chain length of the acyl moiety of compound 1a was confirmed by hydrolysis. A small amount of 1a was treated with sodium hydroxide, and then the acid liberated by HCl was methylated using diazomethane. ESI HRMS of the product (2) showed a quasimolecular ion peak at m/z 477.3899 [M+Na] + (calcd. for C 28 H 54 O 4 Na, 477.3914) and GC EI MS analysis showed a fragment ion at m/z 423.5 ([M-CH 3 O] + ), corresponding to the loss of a CH 3 O . fragment. On the basis of these data, we concluded that compound 2 was 1,26'-dimethyl hexacosanedioate ( Figure 2 ). From the above spectroscopic data, structure 1a was thus unambiguously established as 1',26'-bis-(2,3-dihydroxypropyl) hexacosanedioate. In chloroform, an optical rotation of +16.7° (c 0.21) was observed. As expected from the inverse relation between wavelength and optical rotation, the optical rotation value was higher at 365 nm, but a rapid acid-catalyzed racemization was observed here, due to the photolytic decomposition of the solvent and acid-catalyzed acyl migration by the HCl formed hereby.
Hylodiglyceride (1b) {[α] D 20 = +10.2 (c 0.20, CH 2 Cl 2 )} was isolated from the bark of Hylodendron gabunensis [10] ; its absolute configuration was recently elucidated by synthesis as (S,S) [11] . It follows from the positive optical rotation, that 1a is (S,S) configured as well. Intramolecular interactions of the 1',glycerol units in 1a/1b should not influence the sign of their optical rotations. It can be concluded therefore, that also the dextrarotatory long-chain 1-Omonoacyl-sn-glycerols [12] are (2S) configured.
To date, approximately 20 bis-monoglycerides have been described, derived from 1,-dicarboxylic acids with between 2 (oxalic acid) and 28 carbon atoms. Just three of these, with C 17 , C 24 and C 28 dicarboxylic acids, respectively, have been isolated from natural sources [2, 10] . The lower molecular weight synthetic analogues have found applications i.a. as emulsifying and dermatological agents [13] .
Compound 3 was obtained as a yellow amorphous powder after chromatography of the E. abyssinica extract on silica gel with nhexane-EtOAc (3:7). The positive reaction to both the Shinoda test and ferric chloride indicated the flavonoidic nature of 3. The molecular formula was determined as C 17 H 12 O 8 by electrospray high-resolution mass spectrometry (ESI HRMS). This showed a quasimolecular ion peak at m/z 367.0412 [M+Na] + (calcd. for C 17 H 12 O 8 Na, 367.0424), with 12 double bond equivalents. The IR spectrum showed hydroxyl signals (3386, 1157, and 1022 cm -1 ), conjugated carbonyl groups (1651 cm -1 ), and absorptions of aromatics (1609, 1577, and 1507 cm -1 ). The UV spectrum with two absorption bands at  max = 393 and 255 nm was similar to those of flavonols [14] . In the HMBC spectrum of compound 3, we observed correlations from the hydrogen-bound hydroxyl to C-5, 6 (weakly), and C-10, from H-6 to C-4 (weakly), C-5, 7, 8 and C-10, and from H-8 to C-4 (weakly), C-6, 7, 9, and C-10. The aromatic methine proton at  H 7.01 showed cross-peaks to C-2, 1', 2', 4', and C-5', so that the methoxylated carbon (δ C 143.6, according to the correlation of the methoxy protons) must be in the para position at C-3', and the methine proton in position 6'. Further HMBC cross-peaks were seen from H 2 -11 to C-3, 1', 2', 3' (bearing the methoxy group), but not to the methine carbon C-6' (δ C 104.6). Based on a flavone skeleton, the above spectroscopic data established the structure of entadanin as 3.
Other potential isomers were clearly excluded by 1D NOE experiments: as expected for 3, irradiation of the methoxy signal gave a strong cross signal with CH 2 -11, while irradiation of the singlet at  7.01 (H-6') gave no correlation. The shift assignments of C-1', 2' and C-2, 4', 5' could not be proven by the 2D spectra. The correct assignments, however, are not important for the structure Chemical constituents from the stem bark of Entada abyssinica Natural Product Communications Vol. 9 (10) 2014 1501 elucidation, but are in full agreement with calculated values (Table  2 ) [15] . To the best of our knowledge, this is the first peltogynoid isolated from the Entada genus. Related compounds are ophioglonin [16] , acanilol A and B [17] and 2'-C-methylmyricetin [18] ; their NMR data are in good agreement with the shifts of 3.
The structures of the eight known compounds were established using ESI MS, 1 H NMR and 13 C NMR data as well as by comparison with data reported in the literature, as linoleic acid [19] , pentacosanoic acid [19] , methyl gallate [20] , β-sitosterol [21] , stigmasterol [21] , and three clerodane diterpene derivatives: 8Skolavic acid 15-methyl ester [6, 7] , 13,14,15,16-tetranor-3-clerodene-12,18-dioic acid [22] , and 14,15,16-trinor-3-clerodene-13,18dioic acid [23] .
Experimental
General: Melting points were determined on a Mettler FP61 melting point apparatus. The optical rotation was measured on a Perkin-Elmer polarimeter 241 at either the sodium D line or at the mercury lines, respectively. The NMR spectra were recorded on a Varian Inova-500 spectrophotometer at either 499.879 MHz ( 1 H) or 125.7 MHz ( 13 C), respectively. The chemical shifts are given as δ values with TMS as the internal reference, and coupling constants are given in [Hz] . The ESI and ESI-HR mass spectra were recorded on a Bruker Daltonik micrOTOF time-of-flight mass spectrometer. GC-MS was performed on a Agilent 1200 system, using a Varian CP-Sil 8CB column (30  0.25 mm i.d., 0.25 µm film thickness). The temperature was programmed from 40°C (held for 1 min) to 300°C (held for 4 min), ramping up at 10 °C·min -1 . Column chromatography was performed on silica gel (type 60, 70-230 mesh, E. Merck). TLC experiments were carried out on silica gel precoated plates (E. Merck, 0.25 mm), and detection was achieved by UV light (254 or 366 nm) and spraying with 10% H 2 SO 4 followed by heating. All solvents were distilled before use.
Plant material:
The stem bark of Entada abyssinica was collected in May 2012 at Balatchi (Mbouda), in the West region of Cameroon, and identified by Mr Victor Nana (plant taxonomist) of the National Herbarium of Cameroon, Yaoundé, where a voucher specimen is deposited under reference number 32436/HNC.
Extraction and isolation:
Dried and powdered stem bark of E. abyssinica (4.2 kg) was extracted with MeOH (2  4 L, 48 h) at room temperature. The suspension was filtered, and the filtrate was concentrated using a rotary evaporator, to give 400 g of crude extract. Part of this extract (200 g) was dissolved in a H 2 O-MeOH (9:1) mixture and extracted successively with n-hexane and EtOAc to afford 11 g and 52 g, respectively; the water phase was discarded. The n-hexane extract (10 g) was subjected to CC (50  600 mm) over silica gel and eluted with n-hexane-EtOAc mixtures of increasing polarity (100:0 -80: 20) . A total of 20 fractions, each of 400 mL, was collected and combined on the basis of their TLC profiles to afford 3 main fractions: F1 (fractions 1-5, n-hexane-EtOAc 95:5; 537 mg), F2 (6-12, n-hexane-EtOAc 9:1; 652 mg) and F3 (13-20, n-hexane-EtOAc 8:2; 2.3 g) were brought to dryness at room temperature.
The oily fraction F1 was not further investigated. CC (10  200 mm) over silica gel of F2 using n-hexane-EtOAc (95:5) to (9:1) afforded linoleic acid (8 mg) and pentacosanoic acid (6 mg). F3 was chromatographed over silica gel (column 30  500 mm) using n-hexane-EtOAc (9:1) to yield sub-fractions A-C. The eluates were left to crystallize on evaporation at room temperature to afford pentacosanoic acid (12 mg), β-sitosterol (10 mg) and bis-[(S)-2,3dihydroxypropyl] hexacosanedioate (1a; 12 mg).
The EtOAc extract (50 g) was also subjected to CC (50  600 mm) over silica gel using a stepwise gradient of n-hexane-EtOAc (100:0-0:100). A total of 50 fractions, each of 400 mL, was collected and combined on the basis of their TLC profiles to afford 5 main fractions. Fraction 1 (1-17, n-hexane-EtOAc 8:2; 3.2 g) was subjected to further CC (30  500 mm) on silica gel with n-hexane-EtOAc (9:1), giving stigmasterol (15 mg) 
Hydrolysis of 1a and esterification:
A solution of about 0.1 mg of compound 1a in 50 µL of MeOH and 50 µL of 1 N NaOH was hydrolyzed at 40 °C for 1 h, and 70 µL of 1 N HCl was added. After evaporation to dryness, an excess of CH 2 N 2 solution in diethyl ether was added, and the reaction mixture was again evaporated to dryness. The residue was extracted with CH 2 Cl 2 and analyzed by GC-MS and ESI-HRMS.
Supplementary data: MS and NMR spectra for compounds 1a and 3 are available.
